When particles of rice dwarf virus were partially disrupted by treatment with EDTA, genome RNA was extruded. Electron microscope observations of these particles suggested that the genome RNA is packed within the virus particle as a supercoiled structure. Genome RNA, extracted using a newly devised two-step extraction method, appeared to consist of supercoiled segments of RNA complexed with protein.
INTRODUCTION
Rice dwarf virus (RDV) is a Phytoreovirus (Matthews, 1982) with a genome of 12 linear double-stranded RNA segments (Fujii-Kawata et al., 1970; Reddy et al., 1974) . Purified virus particles show RNA transcriptase activity in vitro (Kodama & Suzuki, 1973) ; RNA transcription takes place independently in each segment and full-length, newly synthesized copies of each segment are released from virus particles into solution (Kodama & Suzuki, 1973 ; Uyeda & Shikata, 1984) .
RDV thus resembles cytoplasmic polyhedrosis virus (CPV) from silkworm which has a genome of 10 segments of linear dsRNA. CPV mRNA is synthesized in vitro by a virusassociated R NA polymerase (Miura et al., 1968; Lewandowski et al., 1969; Fujii-Kawata et al., 1970; Shimotohno & Miura, 1973a, b) . Yazaki & Miura (1980) have shown that CPV dsRNA is supercoiled in the virus particle and that part of the coiled genome is attracted to the basal part of a projection at each vertex of the icosahedral particle. They suggested that mRNA is synthesized by movement of the genome through the basal part of the projection where enzymes for mRNA synthesis are located. Previous studies of the genome RNAs of RDV have been with RNA purified by methods such as phenol extraction (Fujii-Kawata et al., 1970) , but no research has been done on the structure of the genome segments packed in the virion. In this paper we report results of experiments in which RDV particles have been disrupted gently to release the genome RNA. The results suggest that the genome RNA is supercoiled in the intact virus particle.
METHODS
Source and purification of virus. Naturally infected plants were kindly provided by Drs M. Murakami and Y.
Fujita of the Saitama Agricultural Experiment Center of Saitama Prefecture, Japan. RDV was purified as described by Kodama & Suzuki (1973) with a slight modification. Following the removal of cell debris by lowspeed centrifugation, the virus particles in the supernatant were concentrated by an aqueous polymer two-phase system as described by Sugiura & Miura (1977) . Polyethylene glycol 6000, dextran sulphate sodium salt 500 and NaC1 were added to give final concentrations of 6.5%, 0.2% and 0-3 M, respectively, and the mixture was shaken vigorously, then allowed to stand for 24 h at 4 °C. The virus particles were concentrated in a small volume of the dextran sulphate phase. The virus particles were purified by centrifugation in a gradient of 10 to 50 % glycerol in 20 mM-Tris-HC1 buffer pH 8.5, and suspended in this buffer. Virus particles were then treated once with fluorocarbon (Daifron S-3) and stored at 4 °C. Electron microscopy. Virus particles were disrupted on a grid with EDTA as described by Yazaki & Miura (1980) . Virus particles were mounted on films of carbon-coated parlodion (Mallinckrodt, St Louis, Mo., U.S.A.) by floating the grid on the surface of a drop of virus suspension for 5 min. Then grids were floated on a drop of 20 mM-EDTA in 20 mM-Tris-HC1 buffer pH 8.5, sample side down, and incubated at 37 °C for 20 min. DsRNA and RNA-containing structures were prepared for observation by BAC (benzyldimethylalkylammonium chloride) diffusion as described by VoUenweider et al. (1975) . The samples were stained with 0.25~ uranyl acetate, shadowed with Pt-Pd and examined in a JEOL 100C electron microscope, operating at 80 kV. Lengths and widths were measured with an Electric Graphic Calculator (Numonics) and a Scale Lupe (Peak) respectively.
Phenol treatment of virus particles. DsRNA was prepared from purified RDV by phenol treatment as described by Fujii-Kawata et al. (1970) . Genome segments recovered from polyacrylamide gels were also subjected to this treatment.
Polyacrylamide gel electrophoresis. The samples were analysed in 5 ~ polyacrylamide gels, 15 cm x 10 cm x 0.2 cm. Electrophoresis was for 16 h at 50 mA in 40 mM-Tris-HCl, 20 raM-sodium acetate, 2 mM-EDTA, pH 8-5. One or two lanes of the slab gel were cut offand stained for 1 h in 1 ktg ethidium bromide/ml and photographed under short wavelength ultraviolet light (Sharp et al., 1973) . The unstained lanes of the gel were cut into 5 mm slices and the electrophoresed materials were recovered by diffusion by rinsing the crushed gel in 20 mM-Tris HC1 buffer pH 8-5, and allowing it to stand for 15 h at 4 °C. The samples from the unstained gel were used for electron microscope observations so as to avoid the effects of ethidium bromide on the morphology of nucleic acid.
RESULTS

E D TA treatment o f R D V
W h e n R D V particles m o u n t e d o n a grid were t r e a t e d w i t h E D T A , the particles were partially disrupted a n d g e n o m e d s R N A was released (Fig. 1 a) . T h e s t r a n d s e x t r u d i n g f r o m the virions were 8 n m to 11 n m in t h i c k n e s s a n d b e n t a n d wavy. Some s t r a n d s a p p e a r e d to be loose. T h e extruded s t r a n d s h o w n in Fig. 1 (b) h a d three distinct p a r t s : a p a r t 8 n m to 13 n m in t h i c k n e s s (indicated as A), a part that was separated into two thin strands, each 4.5 n m to 6.2 nm in thickness (B), and a part consisting of thin loosely coiled strands (C). The thickness of part A was about the same as that of strands observed in Fig. 1 (a) , and twice that of strands of the parts B and C of Fig. 1 (b) . These features implied that the strands shown in Fig. ! (a) and part A in Fig. 1 (b) consisted of two strands, and parts B and C were looser forms of these. The appearance of the genome strands shown in Fig. 1 (a) and (b) is very much like that of the supercoiled genome dsRNA of CPV (Yazaki & Miura, 1980) , which suggests that the genome of RDV may also be packed in virus particles as a supercoiled dsRNA.
To examine in more detail the coiling of the genome dsRNA, a new method was devised to disrupt the virus particles and to gently extract the genome.
Two-step extraction method
Purified RDV was first incubated in 500 mM-MgC12 in 120 mM-Tris-HC1 buffer pH 8.5, for 3 h at 37 °C. As a result, virus particles were disrupted and appeared non-spherical in the electron microscope. Large aggregates in the mixture were very much like those of genome-protein complexes at various stages of virus degradation and one of them is shown in Fig. 2(a) . In addition, a few strands were separated from the aggregates. Dithiothreitol (DTT), Nonidet P40 (NP40, BDH), and Sarkosyl (Sigma) were added to give final concentrations of 1 mM, 0"5 ~ and 0.2~, respectively, in the mixture, which was then incubated again for 1.5 h at 37 °C. This caused most of the large aggregates to disperse. The residual small aggregates were sedimented by centrifugation with an Eppendorf 5412 centrifuge at 15000 r.p.m, for 5 min. Many dispersed extracted genome strands were observed in the supernatant fraction (Fig. 2 b) . They were 8 nm to 13 nm in thickness, which is about twice that of purified dsRNA (4.5 nm to 6 nm) co-diffused in BAC as an internal standard ( Fig. 2c ; ds indicates dsRNA). The purified dsRNA appeared as smooth strands but those extracted from RDV particles were bent and wavy.
Some of the molecules of the extracted genome appeared to possess partially loosened regions in their thick configurations. In Fig. 3(a) , a loop can be seen at one end of the strand; the thickness of this part of the strand was from 5 nm to 7 nm, whereas that of the apparently undenatured part of the strand was from 8 nm to 12 nm. The undenatured part was about twice as thick as the loosened part which is the same in thickness as purified dsRNA. Fig. 3 (b) shows a strand which was loosely coiled at the middle and looped at one end. The thickness of the thick and thin parts were as those in Fig. 3 (a) .
Thus, the genome RNA extracted by our two-step method seems to have a coiled structure with two thin strands similar in thickness to dsRNA.
Polyacrylamide gel electrophoresis
Genome RNA extracted by the two-step method and RDV dsRNA purified by phenol treatment of purified virus were compared by electrophoresis in a 5 ~ polyacrylamide gel (Fig.  4) . The 12 segments of RDV dsRNA (lane a) were separated into nine bands, since segments nos. 6 and 7, 9 and 10, 11 and 12 respectively are of similar molecular weights (Fujii-Kawata et al., 1970) and their bands were not resolved. The genome R N A (lane b) was also resolved into nine bands although their mobilities were all slightly less than those of the corresponding dsRNA species in lane (a). Electron microscopy showed that the strands recovered from the positions corresponding to each band of the unstained gel were 8 nm to 12 nm in thickness and wavy (strands recovered from band 8 are shown in Fig. 5 ). The genome R N A extracted by the present method is thus the segmented genome with a thick and wavy structure formed by d s R N A coiling. Fig. 6 shows a comparison of strand lengths of material in band 8 before and after phenol treatment. Strands treated with phenol (408 _+ 28 nm, n = 115) were about 2.3 times longer than those not treated (179 + 26 nm, n = 89). The treated strands had the same thickness and features as dsRNA extracted from virus particles. Using the value of 3.05 nm per 10 nucleotide pairs of dsRNA (Sato et al., 1966) , the molecular weight calculated from the length (0.8 × 106) was indistinguishable from that (0.77 × 106) of this segment described by FujiiKawata et al. (1970) . We conclude that the genome extracted by our method was segmented and that the dsRNA was bent along the linear molecule and took on an intramolecular supercoiled structure. The results of phenol treatment of segments recovered from the gel indicated that protein(s) bound to the dsRNA to form and retain a compact structure.
DISCUSSION
Treatment with EDTA disrupted RDV particles and led to the extrusion of thick and wavy genome strands. These strands seemed to be formed by the coiling of two thin strands, which suggests that the genome of RDV is packed in virus particles in a supercoiled form, possibly as the first step of its assembly as suggested for CPV (Yazaki & Miura, 1980) . The segmented genome of RDV was extracted by a two-step extraction method. Modifications such as a decrease in incubation time or a change in Mg 2+ concentration to less than 0-1 M or more than 1 M made destruction of the virus particles more difficult. In some cases, treated preparations contained undegraded virus particles and spherical structures. Aggregates formed at the first incubation stage did not disperse during the second incubation unless detergents were added. Among the detergents and chemicals tested, a combination of NP40, Sarkosyl and DTT was found to be most effective in bringing about aggregate dispersion and obtaining the segmented genome-protein(s) complex still retaining its thick and wavy configuration. The precise mechanism for the destruction of RDV by this simple method of incubation with MgC12 has yet to be clarified.
Disruption of reovirus particles has yielded genome-sized RNA with a spider-like structure thought to be formed by a combination of the ten segments of the genome (Kavenoff et al., 1975) . However disruption of reovirus particles (Dunnebacke & Kleinschmidt, 1967) , and polyhedra containing CPV (Kavenoff et al., i973) gave long strands considered to be the ten genome segments present in virions, tandemly linked. In some preparations of the RDV genome extracted by the method described in this paper, some structures resembling the spider-like structure were present, but contained long strands of the same thickness and smoothness as dsRNA, suggesting tandem linkages of genome segments were not observed. From our results of EDTA treatment of the virus particles (Fig. 1) , we think that the genome of RDV is packed as a segmented and supercoiled structure in the first step of assembly. However, there is still the possibility that supercoiled segments bind together in some manner as they do in the spider-like structure and that this binding may be disrupted during the two-step extraction.
Transcription of RDV has been shown to occur independently from each segment and to result in the synthesis of full-length copies of segments (Kodama & Suzuki, 1973; Uyeda & Shikata, 1984) . The supercoiled structure of the segmented genome-protein(s) complex may perhaps represent the form adopted by a segment being transcribed.
